(19) 



J 



EuropMlsches Patentamt 
European Patent Office 
Office europten des brevets 



(12) 



(11) EP 0 956 312 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
10.10.2001 Bulletin 2001/41 

(21) Application number 98901492^ 

(22) Date of filing: 29.01 .1998 



(51) intci.7: C08G 61/10, 0070 309/63 

(86) International application number: 
PCT/JP98m0357 

(87) International publication number: 

WO 98^836 (06.08.1998 Gazette 1998/31) 



(54) PROCESS FOR PRODUCING PHENYLENE-CONTAINING POLYMER AND FILM-FORMING 
MATERIAL 

VERFAHREN ZUR HERSTELLUNG VON PHENYLENE ENTHALTENDEN POLYMEREN UNO 
FILIVIBILDENDES MATERIAL 

PROCEDE DE PRODUCTION DE POLYMERE CONTENANT DU PHENYLENE ET DE MATERIAU 
FILMOGENE 



ffl 

CM 

CO 
CO 

in 

O) 



Q. 

UJ 



(84) Designated Contracting States: 
DE FR GB NL 

(30) Priority: 30.01.1997 JP 2986697 
31.01.1997 JP 3142497 

(43) Date of publication of application: 
17.1 1 .1 999 Bulletin 1 999/46 

(73) Proprietor JSR Corporation 
Tokyo 104 (JP) 

(72) Inventors: 

• AKIIKE, ToshlyukI 
Tsukuba-shi, ibaraki 305 (JP) 

• SHIBA,Tadahiro, R.210 

2-chome, Tsuchlura-shI, Ibaraki 300 (JP) 



• KONNO, Keiji, Room 505, 
Tsuchlura-reikusaldohaitsu 
T6uchlura-8hl, Ibaraki 300 (JP) 

• ROZHANSKIl, Igor, Room 307, Tsuchlura 
Tsuchlura-shI, ibaraki 300 (JP) 

• GOTO, Kohei, Room 401, Rolyaru8Utei|l 
Tsukuba-shi, ibaraki 305 (JP) 

(74) Representative: 

Leson, Thomas Johannes Alois, DIpl.-lng. et al 
Patentanwalte 

Tiedtke-BOhllng-Klnne & Partner, 
Bavariaring 4 
80336 MQnchen (DE) 



(56) References cited: 
WO-A-93n8076 



WO-A-96/28491 



Note: Within nine months from the publlcatldn of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



PrintBd by Joum. 75001 PARIS (FB) 



EP 0 956 312 B1 



I 

15 



20 



25 



30 



35 



40 



45 



50 



Description 

Technical Field 

[0001] This invention relates to an organic solvent-soluble phenylene-containing polymer which has high heat re- 
sistance, low dielectric properties, and excellent processability. 

Background Art 

[0002] Reflecting the advancement of fine processing technology, large scale Integration (LSI) has ever been In- 
creasing In integration, function, and performance. As a result, the circuit resistance and condenser capacitance be- 
tween interconnection lines (called parasitic resistance and parasitic capacitance, respectively) increase to increase 
not only power consumption but retardation time, which is a great cause of reduction of signal speed of a device. 
[0003] It has therefore been demanded to reduce parasitic resistance or parasitic capacitance. One of the solutions 
is to cover the peripheries of interconnection lines with an interiayer dielectric film to reduce the parasitic capacitance 
80 as to cope with speeding up of devices. In this case, the interiayer dielectric film must have excellent heat resistance 
withstanding a thin film fomnation step for producing a mounting substrate or post steps, such as chip bonding and pin 
Insertion mounting. 

[0004] Polyimide is widespread as a highly heat-resistant organic material for this use but, containing a highly polar 
Imldo group, unsatisfactory from the standpoint of low dielectric properties and low water absorbability. 
[0005] On the other hand, polyphenylene is known as a heat-resistant organic material containing no polar group. 
Because polyphenylene Is, while excellent in heat resistance, inferior in solubility In organic solvents, it is a practice 
generally followed to introduce a side chain. Polyphenylene having a side ciiain includes polymers described in U.S. 
Patents 5,214.044, WO 96/28491 , and EP 629217. 

[0006] These polymers have a basic structure mainly comprising a poly-p-phenylene structure and, In some cases, 
a flexible monomer unit. They are soluble only in specific organic solvents and have poor processability. Besides, many 
of them carry a polar group or an alkyl group as a side chain and therefore fail to fully satisfy the requirements of heat 
resistance and low dielectric properties. 

[0007] Further, most of these conventional polymers are produced by starting with aromatic dichloro connpounds 
such as p-dichlorobenzene derivatives. When a fluoroalkyi group or an aryl group is to be Introduced as a side chain 
in an attempt to obtain a heat-resistant low-dielectric material from such an aromatic dichloro compound, there are 
accompanying disadvantages, such that the synthesis of the monomer becomes complicated, the monomer cannot 
be secured In a stable manner, and the degree of polymerization does not rise sufficiently on account of the steric 
hindrance of the side chain. 

[0008] Thus there has been found no polyphenylene that could fulfill the requirements of heat resistance, low die- 
lectric properties and processability and that could be produced economically. 

Disclosure of the Invention 

[0009] An object of the present invention is to overcome the above-mentioned problems and to provide a soluble 
resin excellent In heat resistance, low dielectric properties, processability and transparency. 
[0010] The present invention provides a process for producing a phenylene-containing polymer comprising polym- 
erizing a monomer comprising not less than 50 mol% of a compound represented by formula (I): 




(I) 
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wherein X represents a group of formula: -CYY'-, 

wherein Y and Y', which may be the same or different, each represent a halogenated alkyi group, a hydrogen 
atom or an aryl group, or a fluorenylene group; R2. R3, RS, r6, r7, and R^, which may be the same or different, 
each represent a hydrogen atom, a halogen atom, an alkyI group, a halogenated alkyI group, an allyl group or an aryl 
5 group; and Z represents an alkyI group, a halogenated alkyl group or an aryl group, 
in the presence of a catalyst system containing a transition metal compound. 

Brief Description of Drawings 

10 [0011] Figs. 1 to 20 each show the IR spectrum of the polymers obtained in Examples 1 to 20. 

Best Mode for Practicing invention 

[0012] Of the groups represented by Y or Y' in fomnula (I), the halogenated alky! group includes a trifluoromethyl 
15 group and a pentafluoroethyl group; and the aryl group includes a phenyl group, a tolyl group, and a pentafluorophenyl 
group. 

[0013] Of the groups and atoms represented by R^ R^, R3 R^. RS, R6, R7, and RS in fomnula (I), the halogen atom 
includes a fluorine atom; the alkyl group Include a methyl group and an ethyl group; the halogenated alkyi group includes 
a trifluoromethyl group and a pentafluoroethyl group; the allyl group includes a propenyl group; and the aryl group 
20 includes a phenyl group. 

[0014] Of the groups represented by Z In -OSOgZ in formula (I), the alkyi group includes a methyl group and an ethyl 
group; the halogenated alkyl group includes a trifluoromethyl group; and the aryl group includes a phenyl group, a p- 
fluorophenyl group, and a p-totyl group. 

[001 5] X In fomnula (I) Is preferably a group of fomnula: -CCCFgVi a group of formula: 

25 



30 




35 

or a fluorenylene group of fomnula: 



40 




45 

with the fluorenylene group being prefen-ed. 

[0016] Examples of the phenyleneK:ontalning compounds represented by formula (I) are 2,2-bis(4-methyisulfony- 
loxyphenyl)hexafluoropropane, bls(4-methylsulfonyloxyphenyl)methane, bis(4-methylsulfonyloxyphenyl)diphenyl- 

50 methane, 2,2-bis(4-methylsulfonyloxy-3-methylphenyl)hexafluoropropoane, 2,2-bis(4-methylsulfonyloxy-3-propenyl- 
phenyl)hexafiuoropropane, 2,2-bis(4-methylsulfonyloxy-3,5-dlmethyiphenyl)hexafluoropropane, 9,9-bis(4-methylsul- 
fonyioxyphenyl)fiuorene, 9,9-bls{4"methylsulfonyioxy-3-methyiphenyl)fiuorene. 9,9-bis(4-methylsulfonyloxy- 
3,5-dimethyiphenyl)fiuorene, 9,9-bis(4-methylsulfonyloxy-3-propenylphenyI)fluorene, 9,9-bis(4-methylsuf!onyloxy- 
3-phenyIphenyl)fluorene, bis(4-methylsulfonyloxy-3-methylphenyl)diphenylmethane, bis(4-methylsulfonyloxy- 

55 3,5-dimethylphenyl)dlphenyimethane, bls(4-methylsulfonyloxy-3-propenylphenyl)dlphenylmethane, bls(4-methylsul- 
fonyioxy-3-fluorophenyl)diphenylmethane, bis(4-methylsulfonyloxy-3,5-difluorophenyi)dipheny!methane. 9,9-bls 
(4-methylsulfonyloxy-3-fluorophenyl)fluorene, 9,9-bis(4-methylsulfonyloxy-3,5-difiuorophenyi)fiuorene, bis{4-methyl- 
sulfonyloxyphenyl)methane, bls(4-methylsulfonyloxy-3-methylphenyl)methane, bls(4-methylsulfonyloxy-3,5-dlmethyl- 
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phenyl)methane, bis(4-methyIsulfonyIoxy-3-propenyIphenyl)methane, bis(4-methylsulfonyloxypheny!)trifluoromethyi- 
phenylmethane. bls(4-methyIsulfonyloxyphenyl)phenylmethane. 2,2-bis(4-trifluoromethylsulfonyloxyphenyl)hex- 
afluoropropane, bls(4-tiifluoromethylsulfonylo)cyphenyl)methane, bls(4-trifluoromethylsulfonyloxyphenyI)diphenyl- 
methane, 2,2-bis(4-trjfluoromethylsulfonyloxy-3-methylphenyl)hexafluoropropane, 2,2-bis(4-trifluoromethylsuIfony- 

5 loxy-3-propenylphenyl)hexaflfuoropropane, 2,2-bls(4-trifluoromethylsulfonyloxy-3,5-dimethylphenyl)hexafluoropro- 
pane, 9,9-bis(4-trifluoromethylsulfonyloxyphenyl)fIuorene. 9,9-bls(4-trifluoromethylsulfonyloxy-3-methylphenyl)flu- 
orene,9,9-bls(4-trifluoromethy!sulfonyloxy-3,5-dimethylphenyl)fluorene, 9,9-bis(4-trifluoromethylsulfonyloxy-3-prope- 
nylphenyI)fluorene, 9,9-bis(4-trlfluoromethylsulfonyloxy-3-phenylphenyl)fIuorene, bis(4-trifluoromethylsulfonyloxy- 
3-methylphenyI)diphenylmethane, bis(4-trifIuoromethylsulfonyIoxy-3,5-dimethylphenyl)diphenylmethane, bis(44rif- 

10 luoromethylsulfonyloxy-3-propenylphenyI)dIphenylmethane, bis {4-trifluoromethylsulfonyloxy-3-fluorophenyl)diphe- 
nylmethane, bis(4-trifluoromethylsulfonyloxy-3,5-difluorophenyl)diphenylmethane, 9,9-bis(4-trifluoromethylsulfony- 
loxy-3-fluorophenyl)fluorene, 9,9-bis(4-trifluoromethylsulfonyloxy-3,5-difluoropheny!)fluorene, bls(4-trifluoromethyl- 
sulfonyloxyphenyl)methane, bls(4-trifluoromethylsulfonyloxy-3-methylphenyl)methane, bls(4-trifluoromethylsulfony- 
loxy-3,5-dlmethylphenyl)methane, bls(4-trifluoromethylsulfonyloxy-3-propenylphenyI)methane, bls(4-trifluoromethyl- 

15 sulfonyloxyphenyl)trrfluoromethylphenylmethane, bis(4-trifluoromethylsulfonyloxyphenyl), 2,2-bis(4-phenylsulfony- 
loxyphenyl)hexafluoropropane, bis(4-phenylsulfonyloxyphenyl)methane, bis(4-phenylsulfonyloxyphenyl)diphenyl- 
methane, 2,2-bls(4-phenylsulfonyloxy-3-methylphenyl)hexafluoropropane, 2,2-bls(4-phenylsulfonyloxy-3iDropenyl- 
phenyl)hexafluoropropane, 2,2-bis(4-phenylsulfonyloxy-3,5-dimethylphenyl)hexafluoropropane, 9,9-bls 
(4-phenylsutfonyloxyphenyl)fluorene, 9,9-bis(4-phenylsulfonyloxy-3-methylphenyl)fluorene, 9,9-bis(4-phenylsulfony- 

20 loxy-3,5-dimethylphenyl)fluorene, 9,9-bis(4-phenylsulfonyloxy-3-propenylphenyl)fluorene, 9,9-bis(4-phenylsulfony- 
loxy-3-phenylphenyl)fluorene, bls(4-phenylsulfonyloxy-3-methyIphenyl)diphenylmethane, bjs(4-phenylsulfonyloxy- 
3,5-dimethylphenyl)diphenylmethane, bis(4-phenylsulfonyloxy-3-propenylphenyl)diphenylmethane, bis{4-phenylsul- 
fonyloxy-3-fluorophenyl)diphenylmethane, bis(4-phenylsulfonyloxy-3,5-dlfluorophenyl)diphenylmethane, 9,9-bis 
(4-phenylsulfonyloxy-3-fluorophenyl)fluorene. 9,9-bis(4-phenylsulfonyloxy-3,5-difluorophenyl)fluorene, bls(4-phenyl- 

25 sulfonyloxyphenyl)methane,bis(4-phenylsulfonyloxy-3-methyIphenyI)methane, bls(4-phe 

phenyl)methane, bis(4-phenyIsulfonyloxy-3-propenylphenyl)methane, bis{4-phenylsulfonyloxyphenyl)trifluoromethyl- 
phenylmethane, bls(4-phenylsulfonyloxyphenyI)phenylmethane, 2,2-bls(-p-tolylsulfonyloxyphenyl)hexafluoropro- 
poane, bis(p-tolylsulfonyloxyphenyI)methane, bls(p-tolyl8ulfony1oxyphenyl)diphenylmethane, 2,2-bls(p-tolylsulfony- 
loxy-3-methyIphenyI)hexafluoropropane, 2,2-bis(p-tolylsulfonyloxy-3-propenylphenyl)hexafIuoropropane, 2,2-bls(p- 

30 tolylsulfony!oxy-3,5-dimethy!phenyl)hexafluoropropane,9,9-bis(p-tolylsuIfonyloxyphenyl)fl^ 

nyloxy-3-methylphenyI)fluorene, 9,9-bis(p-tolylsulfonyloxy-3,5-dlmethylphenyl)fluorene, 9,9-bls(p-tolylsulfonyloxy- 
3-propenylphenyl)fluorene, 9,9-bis(p-tolylsulfonyloxy-3-phenylphenyI)fluorene, bls(p-tolylsulfonyloxy-3-methylphenyl) 
diphenylmethane, bis(p-tolylsulfonyloxy-3,5-dimethylphenyl)diphenylmethane, bls(p-tolylsulfonyloxy-3-propenylphe- 
nyl)diphenylmethane, bis(p-tolylsuIfonyloxy-3-fluorophenyl)diphenylnnethane, bis(p-tolylsulfonyloxy-3,5-dlfluorophe- 

35 nyl)diphenylmethane,9,9-bis(p-tolylsulfonyloxy-3-fluorophenyl)fluorene,9,9-bis(p-to^^^ 

fluorene, bis(p-tolylsulfonyloxyphenyl)methane, bls(p-tolylsulfonyloxy-3-methylpheny()methane, bls(p-tolylsulfony- 
loxy-3,5-dimethylphenyl)methane, bls(p-tolylsulfonyloxy-3-propenylphenyl)methane, bis(p-tolylsulfonyloxyphenyl)trif- 
luoromethylphenylmethane, and bls(p-tolylsulfonyloxyphenyl)phenylmethane. 

[0017] In the present invention, two or more compounds represented by formula (I) can be copolymerized. 
40 [001 8] The compound of fonnuta (I) is synthesized by for example, the following process. 

[0019] A bisphenol compound (e.g., 2,2-bls(4-hydroxyphenyI)hexafluoropropane) and two or more equivalents of a 
base are dissolved in a solvent. Pyridine can serve as both a base and a solvent. If desired, a catalyst such as 4-dimeth- 
ylamlnopyridine can be added. 

[0020] A sulfonic acid chloride (or anhydride) (e.g., methanesulfonic acid chloride) is added dropwise to the solution 
45 over a period of 5 to 60 minutes In a dry nitrogen stream while maintaining the solution below 1 5*C, followed by stirring 
at the same temperature for 0 to 60 minutes. The stirring is continued at room temperature for 0 to 24 hours to prepare 
a suspension. The resulting suspension is reprecipitated in 3 to 20 times as much ice-water as the suspension. The 
precipitate is collected and further purified by, for example, recrystalllzatlon to give bissulfonate compound crystals. 
[0021] Alternatively a bisphenol compound (e.g., 2,2-bis(4-hydroxyphenyl)hexafluoropropane) Is dissolved in 2 
50 equivalents of an alkali aqueous solution, such as a sodium hydroxide aqueous solution. Separately, a sulfonic acid 
chloride (or anhydride) (e.g., methanesulfonic acid chloride) is dissolved In an organic solvent, such as toluene or 
chlorofonn. The two solutions are mixed and vigorously stirred in the presence of, If desired, a phase transfer catalyst, 
such as acetyltrimethylammonlum chloride. The organic layer of the resulting reaction mixture Is purified to yield a 
desired bissulfonate compound. 
55 [0022] The compound of fomiula (I) can be copolymerized with at least one compound selected from compounds 
represented by formulae (II) to (VI) shown below. 
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(II) 



wherein R®, R^o, R^^ , and R^^^ ^hlch may be the same or different, each represent a hydrogen atom, a halogen atom, 
a hydroxy group or a monovalent organic group; and R^"* represents a halogen atom or a group of fomnula: -OSO2Z, 
15 wherein 2 represents an alkyi group, a halogenated alkyl group or an aryl group. 

[0023] Of the groups represented by R^"" in fonnula (II), the halogen atom includes a chlorine atom, a bromine atom 
and an iodine atom. 

[0024] Of the groups represented by Z In -OSOgZ In fomnula (II), the allqrl group includes a methyl group and an 
ethyl group; the halogenated alkyl group includes a trifluoromethyl group; and the aryl group includes a phenyl group, 

20 a p-fluorophenyl group, and a p-tolyl group. 

[0025] Of the atoms or groups as R^, R^o, R^^ , and R^2 jn formula (II), the halogen atom Includes a fluorine atom, 
and the monovalent organic group includes an alkyl group, a halogenated alkyl group, an alkoxy group, an acetoxy 
group, a phenoxy group, and a benzoyl group. The organic group is effective in improving the solubility of the resulting 
polymer. It is prefen-ed that R«, R^o, R^^ and R12 be a monovalent reactive group or a precursor thereof , particularly 

25 be selected from the group consisting of a hydroxyl group, a carboxyl group, an allyl group, and an alkoxycarbonyloxy 
group. The reactive group precursor can be converted to a con-esponding reactive group through an appropriate treat- 
ment following polymerization. Introduction of the reactive group into the polymer brings about improvements in solvent 
resistance and adhesion of the polymer. 

[0026] Where adjacent two of R^, R^o. R1^ and R12 are each a cari30xyl group, the two cariaoxyl groups can react 

30 to fomn an acid anhydride. 

[0027] Examples of the compounds represented by formula (II) include p-dichlorobenzene, p-dibromobenzene, p- 
dllodobenzene, p-dlmethylsulfonyloxybenzene, 2,5-dlchlorotoIuene, 2,5-dibromotoluene, 2,5-dliodotoluene, 
2,5-dimethylsuIfonyloxybenzene, 2,5-dtehloro-p-xylene, 2,5-dibromo-p-xylene, 2,5-diiodo-p-xylene, 2,5-dichloroben- 
zotrifluoride, 2,5-dibromobenzotrlfluoride, 2,5-diiodobenzotrifluoride, 1,4-dichloro-2,3,5,6-tetrafluorobenzene, 1,4-di- 

35 bromo-2,3,5,6-tetrafluorobenzene, 1 ,4-diiodo-2.3,5,6-tetrafluorobenzene, 2,5-dtehlorobenzolc acid, 2,5-dibromoben- 
zoic acid, methyl 2,5-dichlorobenzoate, methyl 2,5-dibromobenzoate, t-butyl 2,5-dichlorobenzoate, t-butyl 2,5-dibro- 
mobenzoate. and 3,6-dichlorophthalic acid anhydride. p-Dichlorobenzene, p-dimethyisulfonyloxybenzene, 2,5-dichlo- 
rotoluene, and 2,5-dichlorobenzotrifluoride are preferred. 




(Ill) 



wherein R^, R^^^ ^ and R">2 which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a hydroxy group or a monovalent organic group; and R32 represents a halogen atom or a group of fonmula: -OSO2Z, 
wherein Z represents an alkyl group, a halogenated alkyl group or an aryl group. 
55 [0028] Examples of the halogen atom and the monovalent organic group as R^, R^^. R^^ and R12 and the alkyl, 
halogenated alkyl or aryl group in R^ in fomiula (ill) are the same as those enumerated as for fomnula (II). 
[0029] To have at least one monovalent reactive group or reactive group precursor as R®, R^o, R^^ and R'»2 is pre- 
fen'ed for improving the adhesion of the polymer. 
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[0030] Examples of the compounds represented by fomiula (III) are m-dichlorobenzene, m-dibromobenzene. m- 
dilodobenzene, m-dimethylsulfonyloxybenzene. 2.4-dlchlorotoluene. 2,4-dibromotoluene, 2.4-dliodotoluene, 
3,5-dichlorotoluene, 3,5-dibromotoluene, 3,5-dilodotoluene, 2,6-dlchlorotoluene, 2,6-dlbromotoIuene, 2,6-diiodotolu- 
ene, 3,5-dimethylsulfonyloxytoluene, 2,6-dlmethylsulfonyloxytoluene. 2,4-dlchlorobenzotrifluoride, 2,4-dlbromobenzo- 
5 trifluoride, 2,4-diiodob6nzotrifluoride, 3,5-dichlorobenzotrifluoride, 3,5-dibromotrifluoride, 3,5-dilodobenzotrrfluorlde, 

1 .3- dlbromo«2,4,5,6-tetrafluorobenzene, 2,4-dichlorobenzyl alcohol, 3,5-dichlorobenzyi alcohol, 2,4-dibromobenzyI al- 
cohol, 3,5-dlbromobenzyl alcohol, 3,5-dichlorophenol, 3,5-dibromophenol, 3,5-dichloro-t-butoxycarbonyloxyphenyl, 
3,5-dibromo-t-butoxycarbonyloxyphenyl, 2,4-dlchlorobenzolc acid, 3,5-dichlorobenzoic acid, 2,4-dibromobenzolc acid, 
3i5-dibromobenzoic acid, methyl 2,4-dichiorDbenzoate, methyl 3,5<lichlorobenzoate, methyl 3,5-dibromobenzoate, 

10 methyl 2,4-dlbromobenzoate, t-butyl 2,4-dichlorobenzoate, t-butyl 3,5-dichlorobenzoate, t-butyl 2,4-dlbromobenzoate, 
andt-butyl 3,5-dibromobenzoate. Preferred of them are m-dlchlorobenzene, 2,4-dichlorotoluene. 3,5-dimethylsulfony- 
loxytoluene, and 2.4-dichlorobenzotrifluoride. 

[0031] Apart from the compounds represented by fonnula (II) or (ill), o-dichlorobenzene, o-dibromobenzene, o-dil- 
odobenzene, o-dlmethylsulfonyloxybenzene, 2,3-dichlorotoluene, 2,3-dibromotoluene, 2,3-diiodotoluene, 3,4-dichlo- 
15 rotoluene, 3,4-dibromotoiuene, 3.4-dliodotoluene. 2.3-dimethylsulfonyloxybenzene, 3,4-dimethylsulfonyioxybenzene, 

3.4- dichlorobenzotrifluorjde, 3,4-dibromobenzotrifluoride, 3,4-dliodobenzotrifluoride, 1 ,2-dibromo-3,4,5,6-tetrafiuor- 
obenzene, 4.6-dichlorophthalic acid anhydride, etc. can also be used as a copolymerizable monomer 



R" R." ■ r" 

25 1 ^ 

R^® r- r 

30 

Wherein R^^ and R22, which may be the same or different, each represent an alkyi group or an aryl group, provided 
that at least one of R21 and R22 is an alkyI group; R^^, R^^, R^^ R^^ R^^ R^^ R^®, and R20, which may be the same 
or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and R33 represents a 
halogen atom or a group of formula: -OSOgZ, wherein Z represents an alkyi group, a halogenated alkyi group or an 
35 aryl group. 

[0032] In fomiula (IV), the alkyi group as R21 or R22 includes a methyl group, an ethyl group, and a propyl group and 
the aryl group as R^^ or R22 includes a phenyl group, a p-fluorophenyl group, and a p-tolyl group. As for R^^^ ru^ r15^ 
R16^ R17^ Ri8^ Ri9^ and R20, the halogen atom includes a fluorine atom; the monovalent organic group Includes an 
alkyi group, e.g., methyl, ethyl or propyl, a halogenated alkyi group, e.g., trlfiuoromethyl or pentafluoroethyl, an aryl 
40 group, e.g., phenyl, and an alkenyl group, e.g., propylenyl. As forZ, the alkyi group includes a methyl group, an ethyl 
group, and a propyl group; the halogenated alkyi group includes a trlfiuoromethyl group and a pentafluoroethyl group; 
and the aryl group Includes a phenyl group, a p-fluorophenyl group, and a p-tolyl group. 

[0033] Examples of the compounds represented by formula (IV) are 2,2-bis(4-methylsulfonyloxyphenyl)propane, 
2,2-bis(4-methylsulfonyloxy-3-methylphenyl)propane,2,2-bls(4-methylsulfonyloxy-3-propenylphenyl)propane,2,2-bis 

45 (4-methylsulfonyloxy-3,5-dimethylphenyl)propane, 2,2-bis(4-methyisulfonyloxy-3-fluorophenyl)propane, 2,2-bls 
(4-methylsulfonyloxy-3.5-difluorophenyl)propane, 2,2-bis{4-trif!uoromethylsulfonyloxyphenyl)propane, 2,2-bis(4-trif- 
luoromethyisulfonyloxy-3-propenylphenyl)propane, 2,2-bis(4-phenylsuIfonyloxyphenyl)propane, 2,2-bls(4-phenylsul- 
fonyloxy-3-methylphenyi)propane, 2.2-bls(4-phenylsulfonyloxy-3-propenylphenyl)propane. 2,2-bis(4-phenylsulfony- 
loxy-3,5-dimethylphenyl)propane, 2,2-bls(4-phenylsulfonyloxy-3-fluorophenyl)diphenylmethane, 2,2-bis(p-tolylsulfo- 

50 nyloxyphenyl)propane, 2,2-bis(p-tolylsulfonyioxy-3-methylphenyl)propane, 2,2-bis(p-toiylsuifonyloxy-3-propenylphe- 
nyl)propane, 2,2-bls(p-tolylsulfonyloxy-3,6-dimethylphenyl)propane, 2,2-bls(p-tolyisulfonyloxy-3-methylphenyl)pro- 
pane, 2,2-bls(p-tolylsulfonyloxy-3.5-dimethyiphenyl)propane, 2,2-bis(p-toiylsulfonyloxy-3-propenylphenyl)propane, 
bis(p-tolylsulfonyloxy-3-fluorophenyl)propane, bis(p-tolyisulfonyloxy-3,5-difluorophenyi)propane, and 1 ,1-bis(4-meth- 
ylsulfonyloxyphenyi)-1-phenyiethane. 

55 




(IV) 
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10 



R34 



Rl3 .Rl4 r17 r 



18 




R.15- r16 r19 



(V) 



15 



20 



Wherein R^^, R^^, R^^^ r16^ r17^ r^^^ ri9^ and R20, which may be the same or different, each represent a hydrogen 
atom, a halogen atom,' an alkyi group, a halogenated alky! group or an aryl group; and R^^ represents a halogen atom 
or a group of formula: -OSO^, wherein Z represents an alkyI group, a halogenated alkyI group or an aryl group. 
[0034] Examples of the compounds represented by formula (V) Include 4,4'-dimethylsulfonyloxyblphenyl, 4,4'-dll 



'-dlbro- 



[0034] Examples < . 

mobiphenyl, 4,4'-diiodobiphenyl, 4,4'-dimethylsuIfonyloxy-3,3'-dimethylbiphenyl, 4,4 '-dlmethylsulfonyloxy-3,3'-difluor- 
oblphenyl, and 4,4'-dimethylsulfonyloxy-3,3',5,5'-tetrafluorobiphenyl. 




(VI) 



35 

wherein R23, R24_ r25^ r26^ r27^ r28^ r29^ and R^o each represent a hydrogen atom or an allyl group, provided that at 
least one of 'r23 to R^'' is an allyl group; and R^ represents a halogen atom or a group of formula: -OSOgZ, wherein 
Z represents an alkyI group, a halogenated alkyI group or an aryl group. 

[0035] Examples of the compounds represented by fomnula (VI) include 4,4'-dimethylsulfonyloxy-3,3'-dlpropenylbi- 
40 phenyl, and 3,3'-dipropenyl-4.4'-bis(4-fluorophenylsulfonyloxy)biphenyl. 

[0036] In the compounds represented by formulae (V) and (VI), the group R^* is preferably present at the p-position. 
[0037] Where the compound of formula (I) Is copolymerized with the compound of formula (II), the former Is usually 
used in a proportion of 50 to 95 mol%. and the latter 5 to 50 mol%. 

[0038] Where the compound of formula (I) is copolymerized with the compound of fomnula (III), the former is usually 
45 used In a proportion of 50 to 95 moi%, preferably 55 to 85 mol%, and the latter Is usually used In a proportion of 5 to 
50 mol%, preferably 1 5 to 45 mol%. If the proportion of the compound of fomnula (ill) exceeds 50 mol%. disadvantages 
such that the resulting polymer has insufficient molecular weight tend to result. If it is less than 5 mol%, the resulting 
polymer tends to fall to have sufficient solvent resistance as intended. 

[0039] In copolymerlzing the compound of fonnula (1) with the compound of fomiula (IV), the fonmer is usually used 
50 in a proportion of 50 to 95 mol%, and the latter 5 to 50 mol%. If the proportion of the compound of formula (IV) exceeds 
50 mol%, disadvantages such that the resulting polymer has insufficient molecular weight tend to result. If It Is less 
than 5 mol%, the resulting polymer tends to fall to have sufficient solubility as intended or sufficient solvent resistance 
as Intended. 

[0040] In copolymerlzing the compound of formula (I) with the compound of fomnula (V), the former is usually used 
55 in a proportion of 75 to 95 mol%, preferably 80 to 95 mol%, and the latter is usually used In a proportion of 5 to 25 
mol%, preferably 5 to 20 mol%. If the proportion of the compound of fomnula (V) exceeds 25 mol%, disadvantages 
such that the resulting polymer has insufficient solubility can result. If it is less than 5 mol%, the resulting polymer tends 
to fail to have sufficient solvent resistance as Intended. 
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[0041] In copolymerizing the compound of formula (I) with the compound of fomiula (VI), the fomier is usually used 
in a proportion of 50 to 95 mol%, preferably 60 to 95 mol%, and the latter is usually used in a proportion of 5 to 50 
mol%, preferably 5 to 40 mol%. If the proportion of the compound of formula (VI) exceeds 50 mol%, disadvantages 
such that the resulting polymer has insufficient molecular weight and solubility can result. If It Is less than 5 mol%, the 

5 resulting polymer tends to fail to have sufficient solvent resistance as intended. 

[0042] The catalyst system which can be used In the production of the phenylene-containing polymer of the present 
Invention contains a transition metal compound. The catalyst system essentially comprises (1) a combination of a 
transition metal salt and a ligand or a transition metal (or salt) having a ligand coordinated thereto and (2) a reducing 
agent. The catalyst system may further contain a salt to increase the rate of polymerization. 

10 [0043] The transition metal salt includes niclcel compounds, such as nickel chloride, nickel bromide, nickel iodide, 
and nickel acetylacetonate; palladium compounds, such as palladium chloride, palladium bromide, and palladium io- 
dide; iron compounds, such as iron chloride, iron bromide, and iron iodide; and cobalt compounds, such as cobalt 
chloride, cobalt bromide, and cobalt iodide. Prefen^ed among them are nickel chloride and nickel bromide. 
[0044] The ligand Includes triphenylphosphlne, 2,2*-bipyridine, 1 ,5-cyclooctadlene. and 1 ,3-bls(diphenylphosphino) 

15 propane, with triphenylphosphlne and 2,2'-bipyrldine being preferred. These ligands may be used either individually 
or as a combinatton of two or more thereof. 

[0045] The transition metal (or salt) having a ligand coordinated thereto includes dl(triphenylphosphlne)nickeI chlo- 
ride, di(triphenylphosphine)nickel bromide, di(triphenylphosphlne)nickel iodide, dl(triphenylphosphlne)nlck6l nitrate, 
2,2'-blpyridinenickel chloride, 2.2'-bipyridinenlckel bromide, 2,2'-bipyridinenickel iodide, 2,2'-bipyridinenlckel nitrate, 
20 bis(1,5-cyciooctadiene)nlckel, tetrakis(triphenylphosphlne)nickel, tetrakis(trlphenylphosphite)nickel, and tetrakis 
(triphenylphosphlne)palladium, with dl(triphenylphosphine)nlckel chloride and 2,2'-bipyridinenfckel chloride being pre- 
ferred. 

[0046] The reducing agent to be used in the catalyst system of the present Invention Includes iron, zinc, manganese, 
aluminum, magnesium, sodium and calcium, with zinc and manganese being preferred. These reducing agents can 

25 be activated on contact with an acid or an organic acid. 

[0047] The salt which may be used In the catalyst system includes sodium compounds, such as sodium fluoride, 
sodium chloride, sodium bromide, sodium iodide, and sodium sulfate; potassium compounds, such as potassium flu- 
oride, potassium chloride, potassium bromide, potassium Iodide, and potassium sulfate; and ammonium compounds, 
such as tetraethylammonium fluoride, tetraethylammonium chloride, tetraethylammonium bromide, tetraethylammoni- 

30 um Iodide, and tetraethylammonium sulfate. Sodium bromide, sodium iodide, potassium bromide, tetraethylammonium 
bromide and tetraethylammonium iodide are preferred of them. 

[0048] The transition metal salt or transition metal (salt) having a ligand coordinated thereto is generally used in an 
amount of 0.0001 to 10 mol, preferably 0.01 to 5 mol, per mole of the compound of formula (1) or a monomer mixture 
of the compound of fomiula (I) and the compound represented by fomiuiae (II) to (V) (hereinafter inclusively referred 

35 to as "the total monomer"). If the amount of the transition metal component is less than 0.0001 mol, the polymerization 
reaction does not proceed sufficiently. If it exceeds 10 mol, the molecular weight Is reduced. 
[0049] Where a combination of the transition metal salt and the ligand is used, the ligand Is usually used in an amount 
of 0.1 to 1 00 mol, preferably 1 to 1 0 mol, per mole of the transition metal salt. If the amount of the ligand is less than 
0.1 mol, the catalyst activity is insufficient. If it is more than 100 mol, the resulting polymer is difficult to purify. 

40 [0050] The reducing agent is usually used in an amount of 0.1 to 100 mol, preferably 1 to 10 mol, per mole of the 
total monomer, if the amount of the reducing agent is less than 0.1 mol, the polymerization reaction does not proceed 
suffteiently. If It is more than 100 mol, the resulting polymer is difficult to purify. 

[0051] In using a salt in combination with the above essential components, the salt is usually used in an amount of 
0.001 to 1 00 mol, preferably 0.01 to 1 mol, per mole of the total monomer. If the amount is less than 0.001 mol, the 
45 effect In increasing the rate of polymerization is insufficient. If it exceeds 100 mol, the resulting polymer is difficult to 
purity. 

[0052] Polymerization solvents which can be used in the present invention include tetrahydrofuran, cyclohexanone, 
dimethyl sulfoxide, N,N-dimethylfonnamlde, N,N-dlmethylacetamide, 1-methyl-2-pyrrolidone, y-butyrolactone, and r 
butyrolactam. Tetrahydrofuran. N,N-dlmethylformamide. N,N-dimethylacetamide, and 1-methyl-2-pyrro!idone are pre- 
50 f erred. It Is preferred for these solvents to be dried thoroughly before use. 

[0053] The total monomer concentration In the polymerization system is usually from 1 to 1 00% by weight, preferably 
5 to 40% by weight. 

[0054] The polymerization is usually carried out at a temperature of 0 to 200«C, preferably 50 to 90'C, for a period 
of 0.5 to 1 00 hours, preferably 1 to 40 hours. 
55 [0055] The phenylene-containing polymer obtained by the process of the present Invention comprises not less than 
50 mol% of a repeating unit represented by fonnula (VII): 
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(VII) 



wherein X represents a group of formula: -CYY'-, wherein Y and Y', which may be the same or different, each represent 
a hydrogen atom, a halogenated alkyi group or an aryl group, or a fluorenylene group; and R1 , R2, R3, R^, RS, R^, R7, 
and RS, which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyI group, a 
halogenated alky! group, an allyl group or an aryl group, and having a weight-average molecular weight of 1,000 to 
1,000,000 on polystyrene conversion. 

[0056] The phenylene-contalning polymer of the present invention can consist solely of the repeating unit represented 
by fonnula (VII) (the unit content=1 00 mol%) or contain not more than 50 mol% of other repeating unit(s) as described 
hereunder. 

[0057] Copolymerizatlon of the compound of fonmula (I) and the compound of formulae (II) to (V) gives copolymers 
represented by fomiulae (Vlli) to (X): 



wherein X represents a group of f orniula: -CYY'-, wherein Y and Y', which may be the same or different, each represent 
a halogenated alkyi group, a hydrogen atom or an aryl group, or a fluorenylene group; and R^ R^, R3, R^, RS, R6, R7, 
and R8, which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group, a 
halogenated alkyl group, an allyl group or an aryl group; R^, Ri<>, R^^ and R^^^ which may be the same or different, 
each represent a hydrogen atom, a halogen atom, a hydroxy group or a monovalent organto group; and n and m each 
represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making a total of 100 mol%. 




m 



(VIII) 
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Rl IL2 r5 r6 ^.13 r14 r17 r18 




(IX) 



wherein X represents a group of fonnula: -CYY'-, wherein Y and Y', which may be the same or different, each represent 
a halogenated alky! group, a hydrogen atom or an aryl group, or a fluorenylene group; and , R2, R3, R^, RS, RS, R7, 
and R8, which may be the same or different, each represent a hydrogen atom, a halogen atom, an all<yl group, a 
halogenated alkyi group, an allyl group or an aryl group; R21 and R22, which may be the same or different, each 
represent an allcyl group or an aryl group, provided that at least one of R21 and R22 is an alkyI group; R^^^ ru^ r15^ 
H^^, R^^, R^®, R''®, and R^o, which may be the same or different, each represent a hydrogen atom, a halogen atom or 
a monovalent organic group; and n and 1 each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, 
making a total of 1 00 mol%. 



Rl r2 r5 .r6 r41 g42 r45 r-46 




wherein X represents a group of f onmula: -CYY'-, wherein Y and r , which may be the same or different, each represent 
a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R^ R2, R3, R^, R^. R6 R7, 
and R8, which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group, a 
halogenated alkyl group, an allyl group or an aryl group; R", R^2 r43, r44, r45, r46, r47, and R^s, which may be the 
same or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and n and p each 
represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making a total of 100 mol%. 
[0058] In formulae (VII) to (X), It is prefenred that X be -C(CF3)2-, 



CF3 
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( f iMorenylene group) 



[0059] The phenylene-containing (co)polymer according to the present invention provides a film-fonning material. 
The fllm-fonning material of the present invention can be obtained by a method comprising melting the phenylene- 
containing (co)polymer in a powder fomn and-pressing or Injection molding the molten polymer into film or a method 
comprising dissolving the phenylene-containing (co)polymer in a solvent, casting the polymer solution on a substrate 
or applying the solution to a substrate by spin coating, followed by baking to remove the solvent. 
[0060] The powdered phenylene-containing (co)polymer can be melted by heating the polymer to a temperature 
higher than the softening point usually by 10 to 250«C, preferably by 40 to 150*C. 

[0061] Suitable solvents for dissolving the phenylene-containing (co)polymer include tetrahydrofuran, cyclohex- 
anone, dimethyl sulfoxide, N.N-dimethylfonmamide, N.N-dimethylacetamide, 1-methyl-2-pyrrolidone. y-butyrolactone, 
ethylene glycol monomethyl ether, ethylene glycol dimethyl ether, ethylene glycol methyl ethyl ether, ethylene glycol 
monoethyl ether, methyl cellosolve acetate, ethyl cellosolve acetate, diethylene glycol monomethyl ether, diethylene 
glycol diethyl ether, diethylene glycol dimethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol monoethyl 
ether, diethylene glycol monobutyl ether, propylene glycol methyl ether acetate, propylene glycol ethyl ether acetate, 
toluene, xylene, methyl ethyl ketone, methyl amyl ketone, 4-hydroxyl-4-methyl-2-pentanone, ethyl 2-hydroxypropion- 
ate, methyl 2-hydroxy-2-methylpropionate, ethyl 2-hydroxy-2-methylpropionate, ethyl ethoxyacetate, ethyl hydroxya- 
cetate, methyl 2-hydroxy-2-methylbutanoate, methyl 3-methoxyproplonate, ethyl 3-methoxyproplonate, methyl 
3-ethoxyproplonate, ethyl 3-ethoxyproplonate, ethyl acetate, butyl acetate, methyl lactate, ethyl lactate, chlorofomi, 
and methylene chloride. Prefen-ed of them are cyclohexanone, N,N-dimethylacetamide, 1 -methyI-2-pyrrolldone, y-bu- 
tyrolactone, ethyl 3-ethoxyproplonate, ethyl lactate, propylene glycol monomethyl ether acetate, ethylene glycol mo- 
noethyl ether acetate, and methyl amyl ketone. 

[0062] The phenylene-containing (co)poIymer is dissolved in the solvent in a concentration of 1 to 60% by weight, 
preferably 5 to 40% by weight. If the concentration is lower than 1% by weight, a film of sufficient thickness is hardly 
obtainable. It it is higher than 60% by weight, the solution hardly spreads, failing to provide a unlfonn film, 
[0063] If desired, additives can be incorporated into the phenylene-containing polymer having the repeating unit of 
formula (VII) or represented by fonnulae (VIII) to (X). Suitable additives Include silane coupling agents, methylol mela- 
mine, and bonding aids and crosslinking agents such as triazene compounds. 

[0064] The phenylene-containing polymers produced by the process of the present Invention are useful as an inter- 
layer dielectric film, a protective film, a low-reflective coating, an optical waveguide material, an anti reflection coating, 
a sealant, an alignment layer for liquid crystal display, a printed circuit board material, a gas-penmeable film, and the 
like. They are particulariy suited as an Interiayer dielectric film and an optical material. 

Examples 

[0065] The present Invention will now be illustrated in greater detail with reference to Examples, but it should be 
understood that the present invention is not limited thereto. Unless othenwise noted, ail the percents and parts are by 
weight. In Examples measurements and evaluation were made as follows. 

1) Weight-Average Molecular Weight (Mw) 

[0066] Measured by gel-permeation chromatography (GPC) on polystyrene conversion. 

2) Temperature at 5% loss CTdg) 

[0067] Measured by themnogravimetry at a rate of temperature rise of 10'*C/mln In a nitrogen atmosphere. 

3) Glass Transition Temperature (Tg) 

[0068] Measured by differential scanning calorlmetry at a rate of temperature rise of 20"C/mln, 
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4) Film-fonning Properties 

[0069] A polymer was dissolved in cyclohexanone (or 1 -methyl-2-pyrrolidone In Example 1 9) at a concentration of 
20%. The solution was applied to a glass substrate by spin coating and balced at BO*C for 2 minutes, at 120'C for 2 
5 minutes, and finally at 1 BO'^C for 30 minutes (or 230*C for 30 minutes In Example 1 9). The appearance of the resulting 
coat was observed with the naked eye. 

5) Dielectric Constant 

10 [0070] A coating film of a polymer was fomned on a SUS substrate in the same manner as described In (4) above. 
A gold electrode was fomied thereon by vacuum deposition through a mask to prepare a specimen for measurement 
of relative dielectric constant. The electrostatic capacity was measured with an LCR meter, from which the dielectric 
constant e was obtained through equation: 

e = C-d/eo'S 

wherein e is a dielectric constant; C Is an electrostatic capacity; eq ^ a unit dielectric constant in vacuo; and S is the 
area of the upper electrode at 1MHz. 

20 

6) Volume Resistivity 

[0071] Measured in accordance with JIS K6911 , except for using a specimen prepared by applying a polymer to a 
SUS substrate. 

25 

7) Organte Solvent Solubility 

[0072] A powdered polymer was added to a test solvent In a concentration of 20%, and the dissolution behavior at 
23''C was observed with the naked eye. 

30 

Test solvent 
[0073] 

35 NMP: 1-Methyl-2-pyn-olidone 

CHN: Cyclohexanone 

PGMEA: Propylene glycol 1-monomethyl ether 2-acetate 
Standard of Evaluation 

40 

[0074] 

A Completely dissolved 
B Partly dissolved 
45 0 Not dissolved 

6) Solvent Resistance 

[0075] A coating film prepared in Test Example hereinafter given was immersed In a test solvent at 23*C for 10 
50 minutes, and any change in appearance was observed with the naked eye. 

Test Solvent 
[0076] 

55 

NMP: 1-methyl-2-pyrroIldone 
DMSO: Dimethyl sulfoxide 

PGMEA: Propylene glycol 1-monomethyl ether 2-acetate 
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Standard of Evaluation 

[0077] 

5 A No change 

B Peeling and swelling 
C Dissolution 

Example 1 

10 

[0078] In a 500 ml-volume three-necked flask equipped with a tube for introducing argon gas and a thermometer 
were charged 7.5 g of sodium iodide. 1 .3 g of anhydrous nickel chloride, 15.7 g of triphenylphosphine, 45.8 g of zinc 
powder activated with acetic acid, and 49.2 g of 2,2-bis(4-methylsulfonyioxyphenyl)hexafIuoropropane. The mixture 
was dried in vacuo for 24 hours, and the flask was filled with argon gas. In the flask was put 150 ml of dry N,N- 

15 dimethylacetamide, and the mixture was stinted at 70*C in an argon stream, whereupon the reaction mixture tumed 
brown. The reaction was continued at 70*C for 20 hours. The reaction mixture was poured into a mixture of 500 ml of 
36% hydrochloric acid and 2000 ml of methanol, and the precipitate formed was collected. 
[0079] The precipitate was suspended in chlorofomn and extracted with a 2N hydrochloric acid aqueous solution. 
The chloroform layer was poured into methanol, and the precipitate was collected and dried to obtain a white powdered 

20 polymer. The results of analysis and evaluation on the resulting polymer are shown In Table 2 below. 

Examples 2 to 11 

[0080] Polymers were produced In the same manner as In Example 1 . except for replacing the 2,2-bis(4-methylsul- 
25 fonyloxyphenyl)hexafluoropropane (49.2 g) with the monomer or monomers shown in Table 1 below. The results of 
analysis and evaluation on the resulting polymers are shown in Table 2. 

Examples 12 and 13 

30 [0081] Polymers were produced In the same manner as In Example 1 , except for replacing the 2,2-bis(4-methylsul- 
tonyloxyphenyl)hexafluoropropane (49.2 g) with the monomers shown in Table 1 below. 

[0082] Ten grams of the resulting copolymer were put in a 300 ml-volume egg-plant flask equipped with a reflux 
condenser and a stirrer, and 0.5 g of p-toluenesulfonic acid monohydrate and 220 g of toluene were added thereto, 
followed by stirring at 1 20**C for 3 hours. The reaction mixture was concentrated to about 50 ml. The concentrate was 
35 poured Into methanol to re-precipitate to give a white powdered polymer having a hydroxyi group. The results of analysis 
and evaluation on the resulting copolymer are shown In Table 2. 

Example 14 

40 [0083] A polymer was produced in the same manner as in Example 1 , except for replacing the 2,2-bis(4-methylsul- 
fonyloxyphenyl)hexafluoropropane (49.2 g) with the monomers shown in Table 1 below. 

[0084] In an egg-plant flask equipped with a stirrer were charged 10.9 g of potassium t-butoxide and 100 ml of 
dimethyl sulfoxide to prepare a unlfonn solution. To the solution was added 10 g of the resulting polymer, followed by 
stin-lng at 80»C for 4 hours. The reaction mixture was poured into a mixture of 250 ml of 0.5N hydrochloric acid and 
45 500 ml of methanol. The precipitate thus fonned was collected, dissolved In 100 ml of chlorofomi, washed twice with 
2N hydrochloric acid and then once with pure water, and reprecipitated In methanol to obtain a white powdered polymer 
having a carboxyi group. The results of analysis and evaluation on the resulting polymer are shown In Table 2. 

Example 15 

50 

[0085] In a 500 ml-volume three-necked flask equipped with a tube for introducing argon gas and a thenmometer 
were charged 7.5 g of sodium iodide, 1 .3 g of anhydrous nickel chloride, 15.7 g of triphenylphosphine, 45.8 g of zinc 
powder activated with acetic acid, and 2,2-bis(4-methylsulfonyloxyphenyl)hexafluoropropane of the amount shown in 
Table 1 . The mixture was dried in vacuo for 24 hours, and the flask was filled with argon gas. In the flask was put 1 50 
55 ml of dry N,N-dlmethylacetamlde, and the mixture was stinred at 70**C In an argon stream, whereupon the reaction 
mixture turried brown. 2.4-Dlchlorobenzotrifluoride in the amount shown In Table 1 was put in the flask by means of a 
syringe, and the reaction was continued at 70*C for 20 hours. The reaction mixture was poured into a mixture of 500 
ml of 36% hydrochloric acid and 2000 ml of methanol, and the precipitate fonned was collected. 
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[0086] The precipitate was suspended In chloroform and extracted with a 2N hydrochloric acid aqueous solution. 
The chloroform layer was poured into acetone, and the precipitate was collected and dried to obtain a white powdered 
polymer. The results of analysis and evaluation on the resulting polymer are shown in Table 2 below. 

5 Examples 16 to 16 

[0087] Polymers were produced In the same manner as in Example 15. except for using the monomers shown in 
Table 1 . The results of analysis and evaluation on the resulting copolymers are shown in Table 2 below. 

10 Example 19 

[0088] In a 500 mi-volume three-necked flask equipped with a tube for introducing argon gas and a themnometer 
were charged 7.5 g of sodium iodide, 1 .3 g of anhydrous nickel chloride, 15.7 g of triphenylphosphlne, 45.8 g of zinc 
powder activated with acetic acid, and 50.7 g of 9,9-bls(methylsulfonyloxyphenyl)fluorene. The mixture was dried in 
15 vacuo for 24 hours, and the flask was filled with argon gas. In the flask was put 1 50 ml of dry N,N-dimethylacetamlde, 
and the mixture was stirred at 70»C in an argon stream, whereupon the reaction mixture turned brown. The reaction 
was continued at 70*C for 20 hours. The reaction mixture was poured into a mixture of 500 ml of 36% hydrochloric 
acid and 2000 ml of methanol, and the precipitate formed was collected. 

[0089] The precipitate was suspended in chlorofomn and extracted with a 2N hydrochloric acid aqueous solution. 
20 The chloroform layer was poured Into acetone, and the precipitate was collected and dried to obtain a white powdered 
polymer. The results of analysis and evaluation on the resulting polymer are shown In Table 2 below. 

Example 20 

25 [0090] A polymer was produced in the same manner as in Example 1 9, except for replacing the 9,9-bls(methylsul- 
fonyloxyphenyi)fluorene (50.7 g) with the monomers shown In Table 1. The results of analysis and evaluation on the 
resulting copolymers are shown in Table 2 below. 



14 



EP 0 956 312 B1 



y 


4J ^ 
























C ^<rfP 








CD ^ 


CNJ 


m 








CO ^ 


1 


0 So 


1 


1 
1 




IP O 


«-H O 


• o 


o o 


in o 


m o 


O C3 


11 


1 




• fM 


• CM 


m ^ 


• ra 








1 










— 






m 














• 




1 




St* 

s ^ 






















1 
1 


u/ 


\J 


n 


r\ 
\J 


















r* 


r? 




rr 














is 


w 


n 


n 

w 


r> 












c 


o 






r \ 
w 


U 


U 












r\ /II 






«^ 


frt 




ff* 












*w c 


^ r* 

c c 






















•H nj 


0 n) 






^ 
















3 Ui 


ii 1 r* 






1^ 
















(0 0 


^ 4-> 




N 


M 




















0) 


c: 


C 


c 




c 






1 




(A 6 






Q> 


(1) 








1 


1 




r- 1 






M 


Jul 


M 


















u 


o 


o 


0 














fC ?*! 




r\ 
\J 


H 




H 












g c 






0 


o 


0 












1 ® 


(tf (P 




«£« 


»H 


r-f 


rH 












^ J? 






O 


















Q« 


1 0« 


•H 


u 


u 


u 












(0 






-u 
























1 


-o 


TJ 


"0 














(0 




1 




1 












■ 




is (3 
phei 






m 


m 


tf] 










rsi 




CM 


eg 


ro 


m 


u 
























me 














































0 

c 


•U 






















C dP 










^ . — 


in 


^ . — . 


^ . — 




in — 


i 0 


O ^0 
E ^ S 








* O 


• O 


• o 


• O 


> o 


• o 


• o 






in ^ 


'1 


0% GO 

m w 


a% CO 




CTt CO 


a\ 00 

CO 


CO 
m ^ 


CM ^ 








1 

erg 


1 


1 


1 


1 


1 


\ 


1 


1 






>t 










>i 


>i 


>i 


>• 












X <D 


X (D 


X a> 


X 0) 


X 0) 


X 0) 






0 c 


cypher 
Imeth 


0 5 


o c 


O C 


0 C 


o c 


o c 


0 


o c 






^ to 








f-» CO 












>i 0* 








>ia 




>1 Qj 


Gi 


>i Qi 






C 0 




C 0 


c o 


C 0 


c o 


C 0 


c o 


C O 






0 M 


o u 


0 M 


o u 


O M 


0 M 


o u 


o w 














^ Qi 


V-4 Qj 




IM Qi 








•H 0 




0 


H 0 


<H 0 


r-t 0 


0 


H 0 


•~f 0 






3 M 






a u 


3 M 


3 M 




:3 M 


3 M 


d M 






to 0 


§ 


10 0 


to O 


v> O 


0> O 


U> 0 


10 O 


n 0 






•H 3 


5 C3U 

0 2? 


2 jc 


^ D 




^ 3 


^ 3 




^ 3 


•H 3 




c 


>i'H 




>irH 










>i«H 


>n-^ 












^ «M 










£ «M 




^< 








4J (0 






4J rO 


4J (0 




•P (0 






0) M 






Q) X 


Q> X 


Q> X 


O X 


Q> X 


0) X 






6 Q) 






g a; 


6 0 






H 0) 


£ Q) 


6 Q) 






1 X 




2 c 


1 X 


t £ 


f £ 




I x: 


1 Si 


1 US 




















^ ^ 








5§ 












— f-A 














0) >i 


W >1 


w >. 


CO >^ 




to >i 


(0 >1 






H C 


fl 




C 








C 


c 


C 






A Q) 




JQ <U 




X3 0 


U3 (P 






SX 0) 












1 jC 


t 


1 ^ 


1 XI 


1 A 


1 x: 


1 J= 






<N a 






rs a 


M a< 


<M Ol 




CN 


or CL 












VJ 
























CN 




CM 




CN 


CM 


CM 
























































in 


lO 




00 






1^ 









































EP 0 956 312 B1 





Amount U 


So 
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CM O 
• CN 
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(40) 11 
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(20) II 
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TABLE 2 





Example No. 


Mw 


TdsrC) 


TgCC) 


e 


Solubility 


5 












NMP 


cHN 


PGMEA 




1 


34700 


533 


251 


2.2 


A 


A 


A 




2 


16600 


511 


266 


2.3 


A 


A 


A 




3 


9600 


549 


234 


2.4 


A 


A 


A 


10 


4 


25800 


505 


239 


2.3 


A 


A 


A 




5 


25200 


501 


230 


2.3 


A 


A 


A 




6 


20800 


470 


* 


2,3 


A 


A 


A 


15 


7 


28100 


521 


186 


2.4 


A 


A 


A 




8 


14400 


514 


198 


2.3 


A 


A 


A 




9 


15200 


502 


210 


2.3 


A 


A 


A 


20 


10 


11800 


493 


205 


2.4 


A 


A 


A 


11 


43300 


517 


230 


2.3 


A 


A 


A 




12 


20500 


512 


242 


2.3 


A 


A 


A 




13 


25900 


510 


235 


2.4 


A 


A 


A 


25 


14 


12500 


511 


233 


2.3 


A 


A 


A 




15 


20000 


517 


215 


2.2 


A 


A 


A 




16 


14400 


462 


183 


2.3 


A 


A 


A 


30 


17 


23400 


567 


>350 


2.4 


A 


A 


C 


18 


25200 


553 


>350 


2.4 


A 


A 


C 




19 


21800 


576 


>350 


2.4 


A 


B 


C 




20 


20100 


563 


>350 


2.4 


A 


A 


C 



3S Note: * undetected. 



[0091 ] In all of Examples 1 to 20 the polymer had a volume reslstivfty of 1 0^^ Q-cm^ or higher and showed satisfactory 
film-fomnlng properties. 

40 9) IR Analysis 

[0092] The polymers obtained in Examples 1 to 20 were analyzed by IR absorption spectrum by KBr tablet method. 
The results obtained are shown In Figs. 1 through 20. 

45 Test Example 1 

[0093] A hundred parts of the polymer obtained In Example 6, 5 parts of 2,5-dimethyl-2,5-dl(t-butylperoxy)hexyn-3, 
and 1 part of 3-g!ycidyloxypropyltrimethoxysiiane were dissolved in 300 parts of propylene glycol 1 -monomethyl ether 
2-acetate. The resulting polymer composition was applied by spin coating onto a glass substrate to a thickness of 3 
50 \m\ and baked at 80''C and then 120'*C for 2 minutes each and finally balked In a nitrogen stream at 250'*C for 30 
mln utes to obtain a transparent coating film. The coating film was evaluated to obtain the results shown in Table 3 below. 

Test Example 2 

55 [0094] A hundred parts of the polymer obtained In Example 8, 40 parts of Cymel 300 (produced by Mitsul-Cytec, 
Ltd.), and 1 part of 3-glycidyloxypropyltrimethoxysllane were dissolved in 300 parts of propylene glycol 1 -monomethyl 
ether 2-acetate. The resulting polymer composition was applied by spin coating onto a glass substrate to a thickness 
of 3 ^m and baked at 80''C and 120''C for 2 minutes each and finally at 230*^0 for 30 minutes to obtain a transparent 
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coating film. The coating film was evaluated to obtain the results shown in Table 3. 
Test Examples 3 to 8 

[0095] A coating film was prepared in the same manner as in Test Example 2, except for using the polymer shown 
in Table 3. The results of evaluation are shown in Table 3. 

TABLES 



Test Example No. 


Polymer 


Dielectric Constant 


Solvent Resistance 


NMP 


DMSO 


PGMEA 


1 


Ex. 6 


2.4 


A 


A 


A 


2 


Ex.8 


2.5 


A 


A 


A 


3 


Ex. 9 


2.5 


A 


A 


A 


4 


Ex. 10 


2.5 


A 


A 


A 


5 


Ex.11 


2.5 


A 


A 


A 


6 


Ex. 12 


2.5 


A 


A 


A 


7 


Ex. 13 


2.5 


A 


A 


A 


8 


Ex.14 


2.5 


A 


A 


A 



Industrial Appiicabiiity 

[0096] In the present Invention, a monomer prepared by sulfonating an economically available bisphenol compound 
is polymerized in the presence of a transition metal catalyst. There is produced through an economical process a 
polymer satisfying the requirements of heat resistance, low dielectric properties, and processability. Further, the poly- 
mer provides a highly transparent film. 

[0097] Where the above-mentioned monomer is copolymerized with a dihaio- or bissulfonate compound having a 
reactive functional group or a precursor thereof, copolymers exhibiting solvent resistance and adhesion in addition to 
the above characteristics can be obtained. 



35 



40 



Claims 

1 . A process for producing a phenylene-containing polymer comprising polymerizing a monomer comprising not I 
than 50 mol% of a compound represented by fomiula (I): 



45 



50 



Rl R2 r5 r' 

R^ R' 



ZO2SO — |— 



0SO2Z 



(I) 



wherein X represents a group of formula: -CYT-, wherein Y and Y', which may be the same or different, each 
represent a halogenated allcyl group, a hydrogen atom or an aryl group, or a fluorenylene group; R\ R2. R3, R^, 
R7^ and R8, which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
all^l group, a halogenated alkyi group, an allyl group or an aryl group; and Z represents an alkyi group, a halo- 
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genated alkyi group or an aryl group, 

in the presence of a catalyst system containing a transition metal compound. 

The process according to claim 1 , wherein said monomer comprises 60 moi% or more of the compound represented 
by formula (I). 

The process according to claim 1 , wherein said monomer comprises 80 moi% or more of the compound represented 
by formula (I). 

The process according to claim 1 , wherein said monomer consists solely of the compound represented by formula 
(I). 

The process according to claim 1 , wherein said monomer comprises two or more kinds of the compound repre- 
sented by fonmula (I). 

The process according to claim 1 , wherein said monomer comprises 50 to 95 moi% of the compound represented 
by fomriuia (I) and 5 to 50 mol% of a compound represented by fomiula (11): 



R9 RIO 




(11) 



wherein R^, R^°, R^**, and R^^^ which may be the same or different, each represent a hydrogen atom, a halogen 
atom, a hydroxy group or a monovalent organic group; and R^i represents a halogen atom or a group of formula: 
-OSO2Z, wherein Z represents an ailcyl group, a haiogenated alkyi group or an aryi group. 

The process according to claim 6, wherein at least one of R^, R10, R1^ and Ri^ In formula (II) is a monovalent 
reactive group or a precursor thereof. 

The process according to claim 7, wherein said monovalent reactive group or a precursor thereof is selected from 
the group consisting of a hydroxy! group, a carboxyl group, an aliyi group, and an alkoxycarbonyioxy group. 

The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by formula (1) and 5 to 50 moi% of a compound represented by fomnula (111): 




(III) 



wherein R®, R^^, R^\ and H^^, which may be the same or different, each represent a hydrogen atom, a halogen 
atom, a hydroxyl group or a monovalent organic group; and R^ represents a halogen atom or a group of fonnula: 
-OSO2Z, wherein Z represents an alkyi group, a haiogenated aikyi group or an aryl group. 
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10. The process according to claim 9, wherein at least one of R®, R^o, and R^^ jp formula (III) is a monovalent 
reactive group or a precursor thereof. 

1 1 . The process according to claim 1 0, wherein said monovalent reactive group or a precursor thereof is selected from 
the group consisting of a hydroxyl group, a carboxyl group, an allyl group, and an alkoxycarbonyloxy group. 

12. The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by fomiula (I) and 5 to 50 mol% of a compound represented by fomiula (IV): 




(IV) 



wherein R^i and R22, which may be the same or different, each represent an alkyl group or an aryl group, provided 
that at least one of R2i and R22 is an alkyl group; R13, Ri* R^s, rib, r17, r18^ r19, and R20, which may be the 
same or different, each represent a hydrogen atom, a halogen atom or a monovalent organic group; and R33 
represents a halogen atom or a group of formula: -OSOgZ, wherein Z represents an alkyl group, a halogenated 
alkyl group or an aryl group. 

13. The process according to claim 1 , wherein said monomer comprises 75 to 95 mol% of the compound represented 
by fonnula (I) and 5 to 25 mol% of a compound represented by formula (V): 




wherein R**^, R^* R^^^ Rie^ r17^ r18^ r19^ and R20, which may be the same or different, each represent a hydrogen 
atom, a halogen atom, an alkyl group, a halogenated alkyl group or an aryl group; and R^ represents a group of 
fomiula: -OSOgZ, wherein Z represents an alkyl group, a halogenated alkyl group or an aryl group. 

14. The process according to claim 1 , wherein said monomer comprises 50 to 95 mol% of the compound represented 
by fomnula (I) and 5 to 50 mol% of a compound represented by fomnula (VI): 
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r23 r24 r27 r28 




(VI) 



wherein R^^, R^*, R^s, r26^ r27, r28^ r29^ a^d R^o each represent a hydrogen atom or an allyl group, provided 
that at ieast one of R23 to R^o is an aliyi group; and represents a halogen atom or a group of fomnula: -OSOgZ, 
wherein Z represents an alkyi group, a halogenated alkyi group or an aryi group. 

15. The process according to any one of claims 1 to 14, wherein X is a group represented by formula: -C{CF3)2-. 

16. The process according to any one of claims 1 to 14, wherein X is a group represented by formula: 

CF3 
I 

6 

17. The process according to any one of claims 1 to 14, wherein X is a fluorenylene group represented by fomnula: 




1 8, A film-forming material comprising a phenylene-containing polymer comprising not less than 50 mol% of a repeating 
unit represented by formula (VII): 




(VII) 



wherein X represents a group of fonnula: -CYV-, wherein Y and Y', which may be the same or different, each 
represent a hydrogen atom, a halogenated alkyi group or an aryl group, or a fluorenylene group; and R^ R2, R3, 
R*, R*. R6, R7, and R^, which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
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alkyl group, a halogenated alkyi group, an allyl group or an aryl group, 

and having a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

19. The film-forming material according to claim 1 8, wherein X in formula (Vii) is a fluorenyiene group represented by 
5 fonnula: 



10 




IS 20. The film-forming material according to claim 1 B. wherein X in fonnula (VII) is a group represented by formula: 



20 



25 




21. The film-forming material according to claim 18, wherein said polymer is represented by fomnuia (Viii): 



30 



35 



'~r. 



r3 r4 r 




(VIII) 



40 



45 



SO 



wherein X represents a group of formula: -CYV-, wherein Y and Y', which may be the same or different, each 
represent a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenyiene group; and R2, R3, 
R^, R5, r6, r7, and R^, which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
alkyl group, a halogenated alkyi group, an alfyl group or an aryl group; R^, R^^, R1^ and R^^, whteh may be the 
same or different, each represent a hydrogen atom, a halogen atom, a hydroxy group, or a monovalent organic 
group; and n and m each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making a 
total of 100 mol%, 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

22. The film-fomiing material according to claim 21, wherein at least one of R^, R^o, R''^ and Ri2 is a monovalent 
reactive group or a precursor thereof. 

23. The fiim-fomiing material according to claim 22, wherein said monovalent reactive group or a precursor thereof is 
selected from the group consisting of a hydroxyl group, a carboxyl group, an ally! group, and an alkoxycarbonyloxy 
group. 



S5 24. The film-forming material according to claim 1 8, wherein said polymer is represented by fonnula (IX): 
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ftl R.2 r5 r6 r14 r17 r18 




{IX) 



wherein X represents a group of formula: -CYY'-, wherein Y and Y', which may be the same or different, each 
represent a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and Ri, R2, R3, 
R^, R5, R6, R7, and R^, which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
alkyl group, a halogenated alkyl group, an allyl group or an aryl group; R21 and R22 which may be the same or 
different, each represent an alkyl group or an aryl group, provided that at least one of R2i and R22 is an alkyl group; 
R^3, R''^, R^5^ R16^ R17 Ri8 R19 and R^o, whfch may be the same or different, each represent a hydrogen atom, 
a halogen atom or a monovalent organic group; and n and 1 each represent a mole fraction of 50 to 95 moI% and 
5 to 50 mol%, respectively, making a total of 100 mol%, 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 
25. The fllm-fonming material according to claim 18, wherein said polymer is represented by formula (X): 



r1 r2 r5 ,r6 j^41 ^42 r45 r46 




wherein X represents a group of fomiula: -CYY'-, wherein Y and Y', which may be the same or different, each 
represent a halogenated alkyl group, a hydrogen atom or an aryl group, or a fluorenylene group; and R^\ R^, 
R^, R^. R^, R^, R^7^ and R^, which may be the same or different, each represent a hydrogen atom, a halogen 
atom, an alkyl group, a halogenated alkyl group, an allyl group or an aryl group; R'ls, rh, ris^ r16^ r17^ r18^ r19, 
and R20, which may be the same or different, each represent a hydrogen atom, a halogen atom or a monovalent 
organic group; and n and p each represent a mole fraction of 50 to 95 mol% and 5 to 50 mol%, respectively, making 
a total of 100 mol%, 

and has a weight-average molecular weight of 1 ,000 to 1 ,000,000 on polystyrene conversion. 

26. An electrically insulating material comprising the film-forming material according to any one of claims 18 to 25. 

27. An optteal material comprising the film-forming material according to any one of claims 1 8 to 25. 

PatentansprUche 

1. Verfahren zur Herstellung eines Phenylen-enthaltenden Polymers, be! dem ein Monomer, das nicht weniger als 
50 Moi-% einer Verisindung der Fomnel (I) 
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umfasst, woiin X eine Gmppe der Formel -CYV- bedeutet, worin Y und Y'. die glelch Oder unterschiedlich sein 
konnen. Jewells eIne halogenierte Alkylgruppe, eln Wasserstoffatom Oder eIne Arylgruppe Oder eine Fluorenylen- 
gruppe bedeutet; R1 , R2, R3, R*, R5, R6, r7 und R^, die glelch Oder unterschiedlich sein konnen Jewells eln Was- 
serstoffatom, eln Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe Oder eine Aryl- 
gruppe bedeuten und Z eine Alkylgruppe, eine halogenierte Alkylgruppe Oder eine Arylgruppe bedeutet, in Ge- 
genwart eines Katalysatorsystems, das eine Obergangsmetalh^erblndung enthSIt, polymerlslert wird. 

2. Verf ahren nach Anspruch 1 , worin das Monomer 60 Mol-% oder mehr der Verbindung, die durch Formel (I) dar- 
gestellt 1st, umfasst. 

3. Verfahren nach Anspruch 1 , worin das Monomer 80 Mol-% der Verbindung, die durch Fonmel (I) dargestellt 1st, 
umfasst. 

4. Verfahren nach Anspruch 1 , worin das Monomer nur aus der Verbindung, die durch Fonmel (I) dargestellt ist, 
besteht. 

5. Verfahren nach Anspruch 1 . worin das Monomer zwei Oder mehr Arten der Verbindung, die durch Fomnel (I) dar- 
gestellt ist, umfasst. 

6. Verfahren nach Anspruch 1 , worin das Monomer 50 bis 95 Mol-% der Verbindung, die durch Fomnel (1) dargestellt 
ist und 5 bis 50 Moi-% einer Verbindung, die durch Formel (11) dargestellt ist: 



rs RIO 




umfasst, worin R^, R^°, R''^ und R''^, die glelch oder unterschiedlich sein konnen, jeweils ein Wasserstoffatom, 
ein Halogenatom, eine Hydroxylgruppe oder eine einwertige organische Gruppe bedeuten und R^'' ein Halogena- 
tom Oder eine Gruppe der Fonmel: -OSO2Z. worin Z eine Alkylgruppe. eine halogenierte Alkylgruppe oder eine 
Arylgruppe bedeutet, darstellt. 

7. Verfahren nach Anspruch 6, worin mindestens ein Rest von R®, R^^^ rii ynd R12 |n Fonmel (11) eine einwertige 
reaktlve Gruppe oder ein Vorl&ufer davon Ist. 

8. Verfahren nach Anspruch 7, worin die einwertige reaktlve Gruppe oder ein Voriaufer davon aus der Gruppe Hy- 
droxylgruppe, Carboxylgruppe, Allylgruppe und Alkoxycarbonyloxygruppe gewfihlt 1st. 

9. Verfahren nach Anspruch 1 , worin das Monomer 50 bis 95 Mol-% der Verbindung. die durch Forniel (I) dargestellt 
Ist und 5 bis 50 Mol-% einer Verbindung, die durch die Fonmel (ill) dargestellt Ist: 
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(III) 



umfasst, worin R9, R''0, R^^ und H^^, die gleich Oder unterschiedllch sein konnen, jewells ein Wasserstoffatom, 
eln Halogenatom, eine Hydroxylgmppe Oder eine einwertlge organlsche Gmppe bedeuten und R^^ ein Halogena- 
tom Oder eine Gruppe der Formel -OSO^Z bedeutet, worin Z eine Aikylgruppe. eine halogenierte Alkylgruppe Oder 
eine Aryigruppe bedeutet. 

10. Verfaiiren nach Anspruch 9, worin mindestens ein Rest von R^, R''^, R""^ und R''2 in Fomiel (Hi) eine elnwertige 
reaictive Gruppe Oder ein VoriSufer davon ist. 

1 1 . Verfaiiren nach Anspruch 1 0, worin die einwertige reaictive Gruppe Oder ein Voriduter davon aus der Gruppe Hy- 
droxyigruppe, Carboxylgruppe, Allyigruppe und Aiicoxycarfoonyioxygmppe gew&hit ist. 

12. Verfahren nach Anspruch 1 , worin das Monomer 50 bis 95 IVIol-% der Verbindung, die durch Fonnei (I) dargesteitt 
ist und 5 bis 50 Mol-% einer VertDindung, die durch die Fonnei (IV) dargestellt ist: 




(IV) 



umfasst, worin R^^ und R^, die gleich Oder unterschiediich sein Icdnnen, Jewells eine Atlcylgruppe oder eine Aryi- 
gruppe bedeuten, mit der Ma3gabe, dass mindestens ein Rest von R^^ und R^ eine Ali<yigruppe ist; R"*^, R^^ 
R''5, R16^ R17^ R18^ Ri9 R20, die gleich Oder unterschiediich sein konnen, jeweils ein Wasserstoffatom, ein 
IHaiogenatom oder eine einwertige organische Gmppe bedeuten und R^ ein IHalogenatom oder eine Gruppe der 
Fomiei-OSOsZ bedeutet, worin Z eine Alkylgnjppe, eine halogenierte Alkylgruppe oder eine Arylgmppe bedeutet. 

13. Verfahren nach Anspmch 1 , worin das Monomer 75 bis 95 Mol-% der Verblndung, die durch Formel (i) dargestellt 
ist und 5 bis 25 Mol-% einer Vertsindung, die durch Formel (V) dargestellt ist: 



R13 .R14 r17 r18 




umfasst, worin R^^, R''^ R^^, R^^, R17, ri8^ ri9 und R20, die gleich oder unterschiediich sein k6nnen, jeweils ein 
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Wasserstotfatom, ein Halogenatom. eine Alkylgruppe, eine halogenierte Alkylgruppe oder eine Arylgruppe bedeu- 
ten und eine Gruppe der Formal -OSO2Z bedeutet, worin Z eine Alkylgruppe, eine halogenierte Alkylgruppe 

Oder eine Arylgruppe bedeutet. 

14. Verfahren nach Anspruch 1 , worin das Monomer 50 bis 95 Mol-% der Verbindung, die durch Forme! (I) dargestellt 
und 5 bis 50 Mol-% einer Verbindung, die durch die Formel (VI) dargestellt ist: 



r23 r24 r27 j28 




(VI) 



umfasst, worin R23, R24 r25^ r26^ ^zr^ r2B^ r29 und H^, Jewells ein Wasserstoffatom Oder eine Allylgruppe be- 
deuten, mit der MaBgabe. dass mindestens ein Rest von R23 bis R^o eine Allylgruppe ist und ein Halogenatom 
Oder eine Gruppe der Fomiel -OSOgZ bedeutet, worin Z eine Alkylgruppe, eine halogenierte Alkylgruppe oder eine 
Arylgruppe bedeutet. 

15. Verfahren nach einem der Anspruche 1 bis 14, worin X eine Gruppe bedeutet, die durch die Fomriel -C(CF3)2- 
dargestellt ist. 

16. Verfahren nach eInem der AnsprCSche 1 bis 14, worin X eine Gruppe ist, die durch die Fomiel: 



CF3 
1^ 




dargestellt Ist. 

17. Verfahren nach einem der Anspruche 1 bis 14. worin X eine Fluorenylengruppe ist, die durch die Formel: 




dargestellt ist. 

18. Fllmbildendes Material, das ein Phenylen-enthaltendes Polymer umfasst, das nicht weniger ats 50 Mol-% einer 
WIederholungselnheit, die durch Fonnel (XH) dargestellt Ist: 
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(VII) 



umfasst, worin X eine Gruppe der Formel -CYY'- darsteitt, worin Y und Y'. die gleich oder unterschiedlich sein 
kdnnen, jeweils ein Wasserstoffatom, eine halogenierte Alkylgruppe oder eine Arylgruppe oder eine Fluorenylen- 
gruppe'bedeuten; H\ R2 R^. RS. R6, R7 und RB, die gleich oder unterschiedlich sein konnen. jeweils ein 
Wasserstoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe oder eine 
Arylgruppe bedeuten 

und ein gewichtsmittleres Molekulargewicht von 1.000 bis 1.000.000 auf Polystyrolumwandlung aufweist. 
19. Filmbildendes Material nach Anspruch 18. worin X In Fomnel (VII) eine Fluorenylengruppe ist, die durch Formel: 




dargestellt ist. 

20. Filmbildendes Material nach Anspruch 18, worin X in Formel (VII) eine Gruppe ist, die durch Fomiel: 



CF3 
1^ 




dargestellt ist. 

21. Filmbildendes Material nach Anspruch IB, worin das Polymer durch Fonmel (VIII) dargestellt ist: 
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(VIII) 



worin X eine Gruppe der Formel: -CYY'- darstellt, worin Y und Y', die gleich oder unterschledlich sein konnen, 
Jewells eine lialogenierte Alkylgruppe, ein Wasserstoffatom oder eine Arylgruppe oder eine Fiuorenylengruppe 
bedeuten; R2, R^, R^, RS, RS, R7 und R^, die gleich oder unterschiedlich sein konnen, Jewells ein Wasser- 
stoffatom, ein Halogenatom, eine Allcylgruppe, eine halogenierte Alkylgruppe. eine Allylgruppe oder eine Arylgrup- 
pe bedeuten; R^, R""®, R^^ und W^, die gleich oder unterschiedlich sein kfinnen, Jewells ein Wasserstoffatom, eine 
Halogenatom, eine Hydroxylgmppe oder eine einwertige organische Gruppe bedeuten und n und m Jewells eine 
Motfraktion mit 50 bis 95 Mot-% bzw. 5 bis 50 Mol-% bedeuten, wobei insgesamt 100 Mol-% herauskommen, und 
ein gewtohtsmittleres l^olekulargewteht von 1 .000 bis 1 .000.000 auf Polystyrolwandlung aufweist. 

22. Filmbildendes Material nach Anspruch 21 , worin mindestens ein Rest von R^, Rio, Rii und R^2 ©ine einwertige 
reaktive Gruppe oder ein Vorl§ufer davon ist. 

23. Filmbildendes Material nach Anspruch 22, worin die einwertige reaktive Gruppe oder ein Vorl&ufer davon aus der 
Gmppe Hydroxylgruppe, Carboxyigruppe, Allylgruppe und Alkoxycarbonyloxygruppe gewahit ist. 

24. Filmbildendes Material nach Anspruch 18, worin das Polymer durch Fomnel (IX) dargestellt ist: 




(IX) 



worin X eine Gruppe der Fomnel: -CYY'- darstellt, worin Y und Y', die gleich Oder unterschiedlich sein k6nnen, 
Jewells eine halogenierte Alkylgruppe, ein Wasserstoffatom oder eine Arylgruppe oder eine Fiuorenylengruppe 
bedeuten; R^ R^, R^, R^, R^, Bfi, P7 und R®, die gleich oder unterschiedlich sein konnen, jeweils ein Wasser- 
stoffatom, ein Halogenatom, eine Alkylgruppe, eine halogenierte Alkylgruppe, eine Allylgruppe oder eine Arylgrup- 
pe bedeuten; R^i und R22, die gleich oder unterschiedlich sein konnen, jeweils eine Alkylgruppe oder eine Aryl- 
gruppe bedeuten, mIt der MaBgabe, dass mindestens ein Rest von R^^ und R22 eine Alkylgruppe ist; R*'^, R1*, 
pi5^ R16, Ri7^ R18^ pi9 und R^, die gleich oder unterschiedrich sein konnen, Jewells ein Wasserstoffatom, ein 
Halogenatom oder eine einwertige organische Gruppe bedeuten; und n und 1 jeweils eine Molfraktlon mit 50 bis 
95 Moi-% bzw. 5 bis 50 Mol-% bedeuten, wobei insgesamt 100 Mol-% herauskommen, 
und ein gewtehtsmittieres Molekulargewk^ht von 1 .000 bis 1 .000.000 auf Polystyrotumwandlung aufweist. 

25. Filmbildendes Material nach Anspruch 18, worin das Polymer durch Formel (X) dargestellt ist: 
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R> r2 r5 r42 r45 r-46 




worin X eine Gruppe der Fomnel: -CYY- darstellt, worin Y und Y', die gleich oder unterschiedlich sein konnen, 
Jewells eIne halogenlerte Alkylgruppe, ein Wasserstoffatom oder eine Arylgruppe oder eine Fluorenylengruppe 
bedeuten; und H^^, R^, R*^, R^, R^, R^, und R^, die gleich oder unterschiedlich sein Iconnen, Jewells ein 
Wasserstoffatom, ein Halogenatom, eine All<yigruppe, eine halogenierte Allcylgruppe, eine Allylgmppe oder eine 
Aryigmppe bedeuten; R''^, R^*, R''^, Ri6, R17^ r18^ r19 und R20, die gleich oder unterschiedlich sein l^onnen, 
Jewells ein Wasserstoffatom, ein Halogenatom oder eine einwertige organische Gruppe bedeuten und n und p 
Jewells eine Motfraktion mit 50 bis 95 Mol-% bzw. 5 bis 50 Mol-% bedeuten, wobel Insgesamt 100 Mol-% heraus- 
kommen, 

und ein gewlchtsmlttleres Molekulargewlcht von 1.000 bis 1.000.000 auf Polystyrolumwandlung aufwelst. 

26. Elektrisch tsolierendes Material, das das fiimbildende Material nach einem der Anspruche 18 bis 25 umfasst. 

27. Optlsches Material, das das fiimbildende Material nach eInem der Anspruche 18 bis 25 umfasst. 



Revendlcatlons 

1, Proc6d6 pour la production d*un polym6re contenant un groupe ph6nyl§ne comprenant la polymerisation d'un 
monom6re comprenant pas molns de 50% en moles d'un compost repr6sent6 par la formule (1): 




dans laquelle X repr^ente un groupe de formule: -CYY'-, dans laquelle Y et r, qui peuvent &tre Identlques ou 
dlff6rents, repr6sentent chacun un groupe alkyle haiog6n6, un atome d'hydrogfene ou un groupe aryle, ou un 
groupe fiuor6nyifene; R^ R2, R3, R^, RS, R6, r7 et RS, qui peuvent Stre Identlques ou dlff§rents. repr6sentent 
chacun un atome d'hydrogfene, un atome d'haiogdne, un groupe alkyle, un groupe alkyle haiog6n6, un groupe 
altyle ou un groupe aryle; et Z repr^sente un groupe allcyle, un groupe alkyle halog§n6 ou un groupe aryle, 
en presence d'un syst^me catalytlque contenant un compost d'un m^tal de transition. 

2. Proc6d6 selon la revendlcatlon 1. dans lequel ledit monom&re comprend 60% en moles ou plus du compost 
represents par la fomnule (I). 

3. Proc6d6 selon la revendlcatlon I, dans lequel ledit monom6re comprend 80% en moles ou plus du compost re- 
presents par la fonmule (I). 

4. Precede selon la revendlcatlon 1 , dans lequel ledit monomere est constltue unlquement du compose represente 
par la formule (I). 

5. Precede selon la revendlcatlon 1 , dans lequel ledit monomere comprend au molns deux types de compose repre- 
sente par la fomnule (I). 
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6, Proc6d§ selon la revendication 1 , dans lequel ledit monomfere comprend de 50 k 95% en moles du connpos6 
repr^sent^ par ia fonnule (I) et de 5 d 50% en moles d'un compost repr^sent^ par la formule (II): 



5 



10 




dans laquelle R^, R^°, R'"'' et R''^, qui peuventitre identiques ou diff6rents, repr6sentent chacun un atome d'hy- 
drog^ne, un atome d'halog&ne, un groupe hydroxy ou un groupe organique monovalent; et R^^ repr6sente un 
IS atome d*halog&ne ou un groupe de fomiule: -OSO2Z, dans laquelle Z reprSsente un groupe alkyle, un groupe 
alkyle halogdn^ ou un groupe aryle. 

7. Proc6d6 seion la revendication 6, dans lequel au moins un des groupes R^, R^^, R^i et R'^^ dans la fonnule (II) 
est un groupe rdactif monovalent ou un de ses prdcurseurs. 

20 

8. Proc^d^ selon la revendication 7, dans lequel ledit groupe rdacttf monovalent ou un de ses pr§curseurs est cholsl 
dans le groupe constitu^ par un groupe hydroxy, un groupe cartoxyle, un groupe allyle et un groupe alcoxycar- 
bonyloxy. 

25 9. Proc6d§ selon la revendication 1 , dans lequel ledit monom§re comprend de 50 h 95% en moles du compost 
repr68ent6 par ia fonnule (1) et de 5 li 50% en moles d'un compost reprdsentd par ia fonnule (III): 



30 




35 

dans laquelle R^, R^^, R" et R''^, qui peuvent §tre Identiques ou diff6rents, repr6sentent chacun un atome d'hy- 
drog^ne, un atome d'haiog^ne, un groupe hydroxy ou un groupe organique monovalent; et R^^ repr^sente un 
atome d'halog^ne ou un groupe de fomiule: -OSO2Z, dans laquelle Z repr6sente un groupe alkyle, un groupe 
alkyle haiog^n^ ou un groupe aryle. 

40 

10. Proc^dd seion la revendication 9, dans lequel au moins un des groupes R^, R^<>, R^^ et Ri^ dans la fonnule (III) 
est un groupe r^actlf monovalent ou un de ses prScurseurs. 

1 1 . Proc6d6 selon la revendication 1 0, dans lequel ledit groupe rdactif monovalent ou un de ses pr^curseurs est choisi 
45 dans ie groupe constitu6 par un groupe hydroxy, un groupe carboxyle, un groupe allyle et un groupe alcoxycar- 

bonyloxy. 

12. Proc6d6 selon la revendication 1, dans lequel ledit monomfere comprend de 50 & 95% en moles du compos6 
repr^sent^ par la fonnule (I) et de 5 ^ 50% en moles d'un compost repr§sentd par la fonnule (IV): 

50 
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dans laquelle R^i et R22, qui peuvent Stre identiques ou diff6rents, repr6sentent chacun un groups alkyle ou un 
groupe aryle. k condition qu'au moins un des R2i et R22 soil un groupe alkyle; R^^. Rl^ R^^ R^^ R^^, R^®. R^^ 
et R20, qui peuvent Stre identiques ou dlff6rents, repr6sentent chacun un atome d'hydrogfene, un atome tfhalogfene 
ou un groupe organique monovalent; et R^ repr§sente un atome d'haiogfene ou un groupe defonnule: -OSOgZ, 
dans laquelle Z repr6sente un groupe alkyle, un groupe alkyle lialog6n6 ou un groupe aryle. 

13. Proc6d6 selon la revendlcation 1, dans lequel ledit monomfere comprend de 75 k 95% en moles du compos6 
repr6sent6 par la formula (I) et de 5 6 25% en moles d'un compos6 repr6sent6 par la fonnule (V); 




dans laquelle R^^, R^^, R^^^ r16^ r17^ r18^ r19 et R20, qui peuvent 6tre Identiques ou dlff6rents, repr6sentent 
chacun un atome d'hydrogfene. un atome d'halogfene. un groupe alkyle. un groupe alkyle halog6n6 ou un groupe 
aryle; et R^^ repr6sente un groupe de tomnule: -OSOgZ, dans laquelle 2 repr6sente un groupe alkyle, un groupe 
alkyle halog6n6 ou un groupe aryle. 

14. Proc6d6 selon la revendication 1, dans lequel ledit monomfere comprend de 50 k 95% en moles du compos6 
repr6sent6 par la formula (I) et de 5 6 50% en moles d'un compos6 repr6sent6 par la formule (VI): 




dans laquelle R23, R24, r25^ r26^ r27^ r28^ r29 et R30 repr6sentent chacun un atome d'hydrogfene ou un groupe 
allyle, k condition qu'au moiris un des groupes k soit un groupe allyle; et R3^ repr6sente un atome halogfe- 
ne ou un groupe de fonnule: -OSOgZ. dans laquelle Z repr6sente un groupe alkyle. un groupe alkyle halog6n6 ou 
un groupe aryle. 

15. Proc6d6 selon Tune quelconque des revendications 1 k 14. dans lequel X est un groupe repr§sent6 par la formule : 
-C{CF3)2-. 

16. Proc6d6 selon I'une quelconque des revendications 1614, dans lequel X est un groupe repr6sent6 par la fonnule: 




17. Proc6d6 selon I'une quelconque des revendtoations 1 & 14, dans lequel X est un groupe fluor6nylfene repr6sent6 
par la fomnuie: 
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5 




18. Mat6riau filmogfene comprenant un polymfere contenant un groupe ph6nyl§ne comprenant pas moins de 50% en 
moles d'un motif r6p6titif repr^sent^ par la fomiule (VII): 

10 



15 




(vn) 



dans laquelle X repr^sente un groupe de fomiule: -CYY'-, dans laquelle Y et Y*. qui peuvent §tre identiques ou 
20 diff^rents, reprSsentent chacun un atome d'hydrog6ne, un groupe alkyle halog6n6 ou un groupe aryte, ou un 
groupe fluor6nylfene; et R^ R2, R3, R^, RS, RS, R7 ©t R^, qui peuvent §tre Identiques ou diff6rents, repr6sentent 
chacun un atome d'hydrogfene, un atome d'halogdne, un groupe alkyle, un groupe alkyle halog6n6, un groupe 
aityle ou un groupe aryle, 

et pr6sentant une masse mol6culalre moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d'une 
25 conversion en polystyrene. 

19. Mat6riau flmogdne selon ia revendicatlon 18, dans lequel X dans la fomfiule (VII) est un groupe fluor6nyl6ne re- 
prSsent6 par la fomiule: 

30 . _ - 




35 

20. Mat§riau filmogfene selon la revendicatlon 18, dans lequel X dans lafonnule (VII) est un groupe repr6sent6 par la 
formule: 



45 




21. Mat^riau fitmogdne selon ia revendicatlon 16, dans lequel ledit polym§re est repr6sent6 par la formule (VIII): 

50 




(vm) 
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dans laquelle X reprfeente un groupe de formule: -CYY'-, dans laquelle Y et T, qui peuvent §tre identiques ou 
diff6rents. repr§sentent chacun un groupe alkyle halog6n6, un atome d'hydrog6ne ou un groupe aryle, ou un 
groupe fluor6nyl6ne; et R2, R3, R^, R', R6, R^ et R8, qui peuvent §tre Identiques ou dlff6rents, repr6sentent 
chacun un atome d'hydrogfene, un atome d'halogfene, un groupe alkyle, un groupe alkyle halogfene, un groupe 
allyle ou un groupe aryle; R9, R'^^, R" et R"'2, qui peuvent §tre identiques ou diff§rents, represented chacun un 
atome d'hydrogfene. un atome d'halogfene, un groupe hydroxy ou un groupe organique monovalent; et n et m 
repr6sentent chacun une fraction molaire respectlvement comprise entre 50 et 95% en moles et comprise entre 
5 et 50% en moles, pour un total 6gal h 100% en moles, 

et pr6sente une masse mol^culaire moyenne en polds comprise entre 1 000 et 1 000 000 sur la base d'une con- 
version en polystyrene. 

22. Mat6nau filmogfene selon la revendication 21, dans lequel au molns un des groupes R^, R^o, R^** et R12 est un 
groupe r6actlf monovalent ou un de ses pr6curseurs. 

23. Mat§riau filmogfene selon la revendication 22, dans lequel ledit groupe r6actif monovalent ou un de ses pr6curseurs 
est choisi dans le groupe constitu6 par un groupe hydroxy, un groupe carboxyle, un groupe allyle et un groupe 
alcoxycarbonyloxy. 

24. Mat6riau filmogfene selon la revendfeation 18, dans lequel ledit polym^re est represents par la formule (IX): 




dans laquelle X repr6sente un groupe de formule: -CYY'-, dans laquelle Y et r , qui peuvent dtre identiques ou 
dlffdrents, repr6sentent chacun un groupe alkyle halog§n6, un atome d'hydrog^ne ou un groupe aryle, ou un 
groupe fluor6nyI6ne; et R\ R2, R3, R^, RS. r6. R7 et R^, qui peuvent §tre identiques ou diff6rents, repr6sentent 
chacun un atome d'hydrogfene, un atome d'halogfene, un groupe alkyle, un groupe alkyle halog6n6, un groupe 
allyle ou un groupe aryle; R2i et R22, qui peuvent etre identiques ou diff6rents, reprdsentent chacun un groupe 
alkyle ou un groupe aryle, k condition qu'au moins un des groupes R2i et soit un groupe alkyle; R^^, R^^, R^^^ 
H'^^, R'^^^ Ri8^ R19 et r20, qui peuvent dtre identiques ou dlff6rents, repr6sentent chacun un atome d'hydrogfene, 
un atome d'halogfene ou un groupe organique monovalent; et n et 1 reprSsentent chacun une fraction molaire 
respectlvement comprise entre 50 et 95% en moles et comprise entre 5 et 50% en moles, pour un total 6gal ^ 
100% en moles, 

et prdsente une masse mol6cuiaire moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d'une con- 
version en polystyrene. 

25. Mat6riau filmogfene selon la revendication 18, dans lequel ledit polymfere est repr6sent6 par la formule (X): 




dans laquelle X repr6sente un groupe de fomiule: -CYY'-, dans laquelle Y et r , qui peuvent §tre identiques ou 
diff6rents, repr6sentent chacun un groupe alkyle halog6n6, un atome d'hydrogfene ou un groupe aryle, ou un 
groupe fluor6nyl6ne; et R*\ R*2, r43, r44, r45^ r46^ r47 et R48, qui peuvent §tre identiques ou diff6rents, repr6- 
sentent chacun un atome d-hydrogfene, un atome d'halogfene, un groupe alkyle, un groupe alkyle halog6n6, un 
groupe allyle ou un groupe aryle; R^^, R14, r15, ris^ r17^ r18 r19 et r20, qui peuvent fetre Identiques ou dlff6rents, 
repr6sentent chacun un atome d'hydrog^ne, un atome d'halogfene pu un groupe organique monovalent; et n et p 
repr6sentent chacun une fraction molaire respectlvement comprise entre 50 et 95% en moles et comprise entre 
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5 et 50% en moles, pour un total 6gal k 100% en moles, 

et pr^sente une masse mol^ulaire moyenne en poids comprise entre 1 000 et 1 000 000 sur la base d'une con- 
version en polystyrene. 

5 26. Mat^riau isolant ^tectrique comprenant le matSriau filmog&ne selon rune queiconque des revendications 1 8 6 25. 
27. MatSriau optique comprenant ie mat^riau fiimog^ne selon Tune queiconque des revendications 1 8 & 25. 
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